ABSTRACT It generally is assumed that the daily probability of survival of wild adult mosquitoes is independent of age. To test this assumption we conducted mark-release-recapture studies in Puerto Rico and Thailand to determine if estimated daily survival rates between two different age cohorts of the dengue vector Aedes aegypti (L.) were the same. Survivorship was estimated with nonlinear regression analysis using bootstrapping to obtain estimates of errors. Initial recapture success of the younger cohort was greater than the older cohort at both locations. Our analysis revealed a signiÞcantly greater survival rate for the younger cohort of females in Puerto Rico, and no signiÞcant differences between age cohorts in Thailand. For comparison, a traditional approach for analyzing these type of data, linear regression of log-transformed captures over time (exponential model), was used to calculate the probability of daily survival based on slopes of linear regression lines for recaptured mosquitoes. With this method, the estimated daily survival rate of older females (13Ð23 d old) was signiÞcantly greater than survival of younger ones (3Ð13 d old) in Puerto Rico and Thailand. In addition, short-range movement of mosquitoes was observed in Puerto Rico; maximum dispersal distance detected was 79 m. Survival rates of adult Ae. aegypti may be agedependent and nonlinear regression analysis is a sensitive approach for comparing patterns of mosquito survival based on mark, single release, multiple recapture data.
Aedes aegypti (L.) is the major vector of yellow fever and all four dengue virus serotypes in urban settings (Gubler 1989 , Monath 1989 . Adult survivorship of this species is a primary component of the epidemiology of dengue. The length of the viral extrinsic incubation period in the mosquito decreases with increasing ambient temperature. According to Watts et al. (1987) , the incubation period for dengue-2 virus in Ae. aegypti at Յ30ЊC is 12 d or more. The earliest age when females ingest their Þrst blood meal is 2 d after emergence (Christophers 1960) . Therefore, individuals that are Ն14 d of age are potentially infective and able to transmit the virus. From an epidemiological perspective, it is these older mosquitoes that are most important.
Traditionally, the probability of daily survival in Ae. aegypti has been thought to be constant and independent of age. This concept was Þrst proposed for anophelines by McDonald (1952) , who suggested that mosquito vectors die mainly from predation or environmental factors rather than from old age. Clements and Patterson (1981) described two possible patterns of adult mosquito mortality. In the Þrst, the mortality rate does not vary with age and can be estimated using an exponential model. That is, daily survival rates are estimated in mark-release-recapture experiments and in caged laboratory studies from the antilog of the slope of a simple linear regression of the log 10 transformed number of mosquitoes recaptured or surviving over time. In the second pattern, mortality increases with age. Age-dependent mortality can be described by the Gompertz mortality function (Gompertz 1825 ). This model is described by a positive linear relationship between the log e transformed difference between collection dates and mosquito age. In the Gompertz model, the mortality rate increases at a constant rate with advancing age. Clements and Patterson (1981) reanalyzed the Ae. aegypti data presented by McDonald (1977) ; their results were consistent with the exponential model. Although these studies are cited frequently as supporting evidence for the assumption of constant age-independent survival rates for Ae. aegypti (Clements and Patterson 1981; Focks et al. 1993 Focks et al. , 1995 , they are not deÞnitive because they only examined McDonaldÕs (1977) data set, even though other Ae. aegypti data sets were available. Gillies (1961) introduced the exponential model to esti-mate the average daily survival rate for Anopheles gambiae Giles in Tanganyika, Africa. The GilliesÕ exponential model has been applied in numerous published mosquito mark-release-recapture studies between 1961 and 1999 (Gillies and Wilkes 1965; Lindquist et al. 1967; Wada et al. 1969; Dow 1971; McDonald 1977; Seawright et al. 1977; Nelson et al. 1978; Reisen et al. 1978; Reisen and Aslamkhan 1979; Reisen et al. 1980; Nayar 1981 Nayar . 1982 Rawlings et al. 1981; Haramis and Foster 1983; Linthicum et al. 1985; Reisen et al. 1986; Tripis and Hausermann 1986; Walker et al. 1987; Rodriguez et al. 1992; Day et al. 1994; Constantini et al. 1996; Muir and Kay 1998; Morrison et al. 1999 ). The exponential model is one of the few methods applicable with mosquito species that are gonotrophically disconcordant. Other estimates based on feeding or oviposition cycles (Birley and Rajagopalan 1981 , Birley and Boorman 1982 , Holmes and Birley 1987 , Saul 1987 , Lord and Baylis 1999 are inappropriate for mosquitoes such as Ae. aegypti that take multiple blood meals within a single gonotrophic cycle (Tripis and Hausermann 1986; Scott et al. 1993a Scott et al. , 2000b . However, the exponential model has several drawbacks. A fundamental and potentially ßawed assumption of the model is that the rate of female survivorship does not change with advancing age. The exponential model is subject to error associated with high variance, because it relies on the marking, release, and subsequent recapture of mosquitoes; recaptures are often relatively rare and sample sizes are therefore often small with inadequate measures of variance.
The aim of our study was to test the epidemiologically important assumption that adult female Ae. aegypti survival is constant and independent of mosquito age. Herein we present results from three mark-release-recapture experiments carried out in two regions of the world where dengue viruses are endemic (Thailand in Southeast Asia and Puerto Rico in the Caribbean). In addition, because the conventional exponential model and consequent comparison of regression lines violates critical statistical assumptions, we developed and employed a new approach for comparing these data using nonlinear regression analysis with bootstrapping to obtain corrected estimates of errors (J.P.B., L.C.H., and J.D.E., unpublished data).
Materials and Methods
Puerto Rico. Field Site. The experiment in Puerto Rico was conducted in the Yanes III sector of the municipality of Florida from 21 to 30 1996. During a 1991 dengue outbreak, this municipality reported the highest incidence of dengue cases on the island (Rodrṍguez-Figueroa et al. 1995) . Study houses were situated at one end of the community, bordered on three sides (south, east, and west) by large limestone hills (Ϸ10 Ð30 m from houses) that we assumed constituted physical barriers to Ae. aegypti dispersal. Mosquitoes were released in six houses, and daily collections began the day after the release in 21 houses including the six release houses (Fig. 1) . The release houses were chosen from a cluster of houses on the south end of the study area because we felt we had a greater chance of releasing from this cluster and focusing our recollection efforts on houses surrounding the release houses. Most houses were constructed of cement with open space between the walls and ceiling. None of the six release houses and only three of 15 neighboring recapture houses had screens on some of the windows.
Mosquitoes. We chose two age groups for release for epidemiological reasons. The Þrst cohort contained those female Ae. aegypti that were too young to be infected and transmit dengue viruses. The second cohort contained those mosquitoes old enough to be potentially infected (13 d). Aedes aegypti eggs from Yanes III were collected using enhanced ovitraps (Reiter et al. 1991) and hatched in the insectary of the Dengue Branch of the Centers for Disease Control and Prevention in San Juan. Larvae were reared at ambient temperature (27ЊC) in enamel pans (at 200 per pan), and fed a standard diet of rabbit chow pellets (Pan American Grain Rabbit Feed, San Juan, PR) to synchronously produce large mosquitoes . Mosquitoes in the 3-d-old cohort were held after eclosion in 45-cm square screen rearing cages with access to water but not food. Mosquitoes in the older cohort (13 d old at release) also were held in rearing cages with water but were fed warmed (37ЊC) pig blood through a natural membrane (sausage cas- ing) approximately every 3 d and were allowed to freely oviposit during the holding period. Females in this group underwent approximately three gonotrophic cycles during the holding period. Both age groups were given an opportunity to feed on the arms of one of the authors on the day before and on the day of release. Females that did not take a human blood meal were not released.
Marking. On the day before release, mosquitoes were marked on the thorax with a single spot of a nontoxic, ßuorescent water-based paint. Six unique colors were used, with a different color designating each release house. Mosquitoes with the same color markings were placed in groups of 25 in 0.5-liter cardboard ice cream containers with a mesh top. To designate the age of the cohort, one of two different colors of Dayglo ßuorescent powders were used. Paint and dust markings were applied as described by Edman et al. (1998) . Mosquitoes were marked with paint 1 d before release and dusted on the day of release after blood feeding.
Release. Between 20 and 25 mosquitoes in each age cohort were released inside the central part of each of the six release houses between 1700 and 1800 hours on 20 July 1996 (total of 122 old and 142 young).
Recapture. Battery-powered backpack aspirators (John C. Hock, Gainesville, FL, USA) were used to recapture mosquitoes for 10 Ð15 min over 10 consecutive days after release in 21 houses (including release houses). Collections were made from 0800 to 1600 hours. This method captures all physiological stages of mosquitoes resting in the house within a brief period, Ϸ10 Ð15 min (Edman et al. 1992; Scott et al. 1993a Scott et al. , 1993b Scott et al. , 2000a Clark et al. 1994; Van Handel et al. 1994) . Captured mosquitoes were anesthetized with carbon dioxide and placed on wet ice in plastic tubes for at least 30 min. Each female Ae. aegypti was examined carefully under a dissecting microscope for paint or ßuorescent dust markings. The number of captured marked and wild Ae. aegypti was recorded daily for each collection house.
Thailand. Field Site and Sampling Schedule. Experiments were conducted in Village 6 of Hua Sam Rong, Amphur Pleangyao, Chachoengsao Province, Thailand, in November 1998. Mosquitoes were released in 20 randomly selected houses of the 26 houses located on the west end of the village, which formed a "peninsula" of houses jutting out into a rice Þeld (Fig. 2) . Therefore, the release houses were surrounded on three sides by rice Þelds and on one side by a single row of adjacent houses. Mosquitoes were collected from the 20 release houses and 15 nonrelease houses (total 35 houses). Of the 15 nonrelease houses, six were located among the release houses and the remaining nine were in the area adjacent (within 0.25 km) to the release houses. Release houses were stratiÞed into two homogenous groups of ten, based on the mean number of wild female Ae. aegypti captured in them previously (see Data Analysis section). The sampling schedule is presented in Table 1 . The same sam- pling schedule was used for a second release-recapture experiment with the exception that order of recapture from the two groups of release houses was reversed. By collecting in each group of release houses only three times at 4-d intervals, the concern of removing too many females during early collections was reduced. Two replicates of the experiment (conducted on 3Ð15 and 17Ð29 November 1998) were carried out to assess inter-experimental variation.
Houses in the study village were either elevated wooden structures or one-to two-story cement dwellings. Only one of the release houses was partially screened (bedrooms only). The remaining houses had no screens on any windows.
Mosquitoes. Aedes aegypti pupae were collected from water containers in Village 6 in late September and early October 1998. Emerged adult females were offered human blood daily (from the leg of L.C.H.) and allowed to oviposit in containers. Eggs were removed from cages daily, conditioned, and stored in plastic bags until use. Eggs were hatched by immersing papers in water overnight with a pinch of ground Þsh food (Sakura Gold See-All Aquariums, Bangkok). Larvae were placed into 80-liter ceramic mesh-covered water storage jars Þlled to Ϸ75% capacity. Ground Þsh food (total per larvae ϭ 4.5 mg) was added to each jar daily to produce medium size mosquitoes following the methods of Day et al. (1994) .
Pupae were transferred to 2-liter plastic buckets and placed inside two 60-cm 3 mesh rearing cages. Emerged females were provided with water only (no sugar). Approximately 1,500 females emerged in each cage. Beginning on day 2 after emergence until release 11 d later, females in the old cohort were offered a human leg (L.C.H.) daily for a 30-min period either in the morning or afternoon. A second, younger cohort of mosquitoes was reared so that emergence occurred 3 d before release. Females in this young cohort were placed together in one rearing cage and offered blood on day 2. All mosquitoes (young and old cohorts) were offered a human blood meal after marking, just before release on day 3. Females that did not engorge were not released. A total of four cohorts of mosquitoes was reared (two different age cohorts for two different releases).
Marking. On the morning of release, adults were placed in groups of 25 in 0.5-liter cardboard ice cream containers with a mesh top. Females in each cohort and each release were marked with different colored Dayglo ßuorescent powders as described above for the Puerto Rico experiment. Unlike mosquitoes in Puerto Rico that were marked to designate age and release house, mosquitoes in Thailand were only marked with ßuorescent powder to designate their age.
Release. Initial stratiÞcation of release houses in the Thailand study site was based on the mean number of wild female Ae. aegypti collected from houses in the study area over the previous 10 m. Houses were divided into two groups of 10 by selecting houses with low, medium, and high mean female Ae. aegypti populations. Three to four houses from each low, medium, and high category were included in each group of 10 release houses. The resulting mean number of females captured per day per house from the two groups of 10 houses was 3.43 and 3.42 for groups 1 and 2, respectively. The order of sampling for the Þrst collection period is presented in Table 1 . The order was reversed for the second release.
Mosquitoes were released on 3 November (experiment 1) and 17 November (experiment 1) 1998 between 1600 and 1730 hours. We attempted to release a total of 25 mosquitoes from each cohort (50 total) inside the central part of each of the 20 release houses. A small number of mosquitoes that appeared moribund and did not ßy out of the carton were retained and subtracted from the total marked.
Collections. The collection period in Thailand was extended to 12 d from the 10 d used in the Puerto Rico study to increase the chances of collecting more marked mosquitoes. Aspirators were used to recapture mosquitoes in the same manner as described above for Puerto Rico. Collections containing mosquitoes were placed in coolers lined with bags of crushed ice, transported to the Þeld laboratory, anesthetized with carbon dioxide and placed on wet ice in plastic tubes. As in Puerto Rico, each female Ae. aegypti was examined for paint or ßuorescent dust markings. The numbers of marked and wild Ae. aegypti were recorded daily for each collection house.
Data Analysis. Differences Between Recapture Rates. Differences between the number of females recaptured for the young and old cohort in both Þeld sites were compared for each release with the G-test adjusted for one degree of freedom with WilliamsÕ correction factor (Sokal and Rohlf 1981) .
Survival Estimates Using Nonlinear Regression Analysis. Historically, a typical approach for analysis of mosquito recapture data has been the use of linear regression of the log-transformed captures as a function of time. This approach is not valid when the captured individuals are removed from the population, as is the case in our studies. Removal leads to a violation of the assumption that the log of the number captured is linear in time with the slope being the anti-log of the daily survival rate. Even if this were approximately true, the nature of the data collection 
This indicates that estimates of capture and survival rates are nonlinear. Standard errors and conÞdence intervals are generated using bootstrap (Efron and Tibshirani 1983) . A large number (B) of the bootstrap samples are simulated using the Þtted capture and survival rates and binomial models for survival and capture respectively. For each bootstrap sample, estimated capture and survival rates are obtained and from these (B) estimates, bootstrap standard errors and conÞdence intervals are obtained (Efron and Tibshirani 1983) . For comparing two survival rates, the P value is obtained as 1-C, where C is the largest value such that a 100 C % bootstrap conÞdence interval for the difference in survival rates contains 0. Programs were written in SAS (SAS Institute 1989) using PROC IML and PROC NLIN procedures to perform the analyses. To determine P values for the null hypothesis that there were no differences in survival between the two age cohorts, bootstrapping conÞdence intervals for the difference in survival were obtained at different conÞdence levels. The P value is determined as 1-C where C is the conÞdence level at which the associated interval no longer contained zero.
Survival Estimates Using Traditional Log-Linear Analysis. Daily recapture data from Puerto Rican and Thailand experiments were log e transformed. To estimate and compare daily survival rates, regression lines were generated for each cohort and slopes of the lines were compared using a t-test following the methods of Zar (1984) . Average daily survivorship estimates were generated for each cohort by calculating the antilog of the regression coefÞcient for each age group (Gillies 1961) .
Results
Puerto Rico. Recapture Rates. Fifty and 19 females were recaptured from the 142 young (3 d) and 122 old (13 d) mosquitoes released, respectively (Table 2) . Sixteen percent of the older cohort were recaptured compared with 35% of the younger (G ϭ 13.4, df ϭ 1, P Ͻ 0.0003). The recapture rate for both cohorts over the 10-d period was 26%.
Dispersal. Seventy-seven percent (53 of 69) of the mosquitoes recaptured over the 10-d collection period were captured in the same houses in which they were released ( Table 3 ). The greatest detected movement by a mosquito from its release site was 79 m. The greatest distance between the release and any recapture house, i.e., the greatest distance at which we could have detected dispersal, was 169 m. Of the 16 mosquitoes recaptured in houses other than where they were released, only 25% (4 of 16) were from the older cohort. Of the mosquitoes captured in nonrelease houses, 75% of females from the older cohort were captured at distances Ͼ50 m from their release site (G ϭ 3.79, df ϭ 1, P Ͻ 0.05).
Survival Estimates Using Nonlinear Regression Analysis. By nonlinear analysis, the survival rate for the young age cohort was signiÞcantly greater than for the old age cohort. Estimated capture rates, survival rates, associated standard errors, and 90% bootstrap CI for capture and survival estimates are provided in Table 4 . The 95% conÞdence interval of the difference in survival rates between the two age cohorts was 0.102Ð 0.630 and the associated P value was 0.006. 
Survival Estimates Using Traditional Log-Linear Analysis. Regression models for each cohort showed
a Number of females recaptured in the 3-d cohort were signiÞcantly greater than in the 13-d cohort (G ϭ 13.4, df ϭ 1, P Ͻ 0.0003). b Distances traveled by 3-d cohort females captured from houses other than their release house: 1Ð50 m ϭ 83% (n ϭ 10) and 50 Ð100 m ϭ 17% (n ϭ 2).
c Distances traveled by 13-d cohort females captured from houses other than their release house: 1Ð50 m ϭ 25% (n ϭ 1) and 50 Ð100 m ϭ 75% (n ϭ 3). Distances traveled by 3-and 13-d cohorts were not signiÞcantly different (G ϭ 3.79, df ϭ 1, P ϭ 0.05).
good Þt and slopes were signiÞcantly greater than zero for both age cohorts (3 d, F ϭ 9.21; df ϭ 1, 8; P ϭ 0.016; 13 d, F ϭ 10.63, df ϭ 1, 8; P ϭ 0.012). The probability of daily survival (PDS) estimated with the exponential model of the 13-d cohort (81%) was signiÞcantly greater by ZarÕs test than survival of the 3-d cohort (74%) (ZarÕs test, two-tailed t ϭ Ϫ2.43, df ϭ 16, P Ͻ 0.05; Fig. 3A) . However, in this case, ZarÕs test is invalid, because within a cohort the errors are correlated and have changing variance due to removal.
Thailand. Recapture Rates. We released 493 old and 494 young females in the Þrst experiment and 492 old and 498 young females in the second experiment. The combined recapture rate for both cohorts over 12 d was 9% for both Thailand experiments. During release 1, a greater percent of the young cohort (12%, 57/494) were recaptured over the 12 collection days, compared with the old cohort (7%, 36/493; G ϭ 5.15, df ϭ 1, P ϭ 0.023; Table 5 ). Similar recapture results were obtained for the second release with 12% (58/498) for the young cohort and 7% (34/492) for the older cohort (Table 6 ). As with the Þrst release, recapture rates among the two age cohorts were signiÞcantly different (G ϭ 6.62, df ϭ 1, P ϭ 0.01).
Two 3-d cohort females from the Þrst release were collected on recapture day two of the second release. These mosquitoes were 19 d old at the time of recapture and were excluded from calculations of the recapture rate for the Þrst release.
Dispersal. A small but consistent percent of marked females was captured in nonrelease houses (young cohort ϭ 9 or 16% of total; old cohort ϭ 3 or 8% of total) during release 1 (Table 7) . The same trend occurred during release 2 with a total of 12 captured from the young cohort (21%) and four captured from the old cohort (12%) ( Table 7) . Differences in the number of females recaptured from release versus nonrelease houses were not signiÞcantly different during either experiment. Because females were not marked with different colors to designate release houses, information about movement among release houses and the distance that females moved could not be ascertained.
Survival Estimates Using Nonlinear Regression Analysis. The linear corrected regression results for each of the two releases in Thailand are provided in Table 8 . No differences in survivorship were found among the two age cohorts in both releases. For release 1, the 95% conÞdence interval of the difference in survival rates between the two age cohorts was Ϫ0.125Ð 0.101 and the associated P value for testing the difference equals 0 was 0.99. In release 2, the 95% conÞdence interval of the difference in survival rates between the two age cohorts was Ϫ0.200 Ð 0.066 and the associated P value was 0.348.
Survival Estimates Using Traditional Log-Linear Analysis. We collected in release houses every other day (Table 1) , and the majority of females were collected in release houses compared with nonrelease houses (Tables 5 and 6 ). In our analysis, therefore, we combined data from each 2-d collection period. Regression analysis of the log transformed ϩ1 number of marked females collected in the study area every 2 d resulted in a signiÞcant Þt for regression models of both cohorts (3 d, F ϭ 326.3; df ϭ 1, 4; P Ͻ 0.001; 13 d, F ϭ 23.8; df ϭ 1, 4; P ϭ 0.008). Based on the antilog slope of the regression line, the estimated daily survival rate was greater for the older cohort (0.83) than the younger cohort (0.77) (Fig. 3B) . Slopes of these regression lines (and, therefore, the estimated survival rates) were signiÞcantly different (ZarÕs test, twotailed t ϭ Ϫ4.61, df ϭ 8, P ϭ 0.003).
Results from the second release were consistent with those from the Þrst release. The regression of log transformed recaptures on time was signiÞcant for both age cohorts (3 d: F ϭ 24.4; df ϭ 1, 4; P ϭ 0.008; 13 d, F ϭ 9.1; df ϭ 1, 4; P ϭ 0.039). Survival of the 13-d cohort (0.84) was greater than the 3-d cohort (0.75) (Fig. 3C) . The two regression lines were signiÞcantly different from each other (ZarÕs test, t ϭ Ϫ2.91, df ϭ 8, P ϭ 0.019).
Discussion
The importance of obtaining better estimates of survivorship for Þeld populations of vector mosquitoes in indisputable. The hypothesis that the survivorship of adult female Ae. aegypti does not change over time has been a commonly accepted, and perhaps incorrect view for many years. Our results provide preliminary evidence that Ae. aegypti survivorship may be agedependent. Results from the nonlinear analysis indicated signiÞcantly greater survivorship in the younger compared with an older age cohort of Ae. aegypti in Puerto Rico, but no differences in survivorship among the same age cohorts in Thailand. In all three experiments, greater numbers of females were recaptured from the young versus old age cohort in the Þrst few days after release, indicating a greater survival of the young cohort.
More Þeld research needs to be done to determine if and under what circumstances mosquito survivorship is age-dependent. SpeciÞcally the following three issues must be addressed. (1) Age-dependent dispersal: differences in our estimates of survival rates for old versus young cohorts may be due to greater dispersal of older females from the study site. (2) The effect of laboratory rearing: differences in old versus young may be associated with one group being held longer in captivity than the other. (3) Collection bias: one age group might be collected more readily than another. For example, old mosquitoes may rest in locations other than where we collected them or they may be better at avoiding aspirator collection. To improve our estimates of mosquito survival from the mark-release-recapture data, we developed a new nonlinear method (for program information contact J.P.B) that allows simultaneous estimates of capture and survival rates for two cohorts. This method of analysis was based on newly developed techniques that have been shown to remedy the serious bias that can arise with more traditional, but generally inappropriate, linear analyses of log-transformed data. A comparison of log-linear and nonlinear analyses of our data led to different conclusions. The nonlinear approach and associated bootstrap techniques removed bias and yielded accurate conÞdence intervals and tests of hypotheses, properties not shared by the traditional log-linear analysis. Furthermore, the nonlinear method does not make assumptions that cannot be validated as does the traditional log-linear method. For these reasons, we recommend the nonlinear approach for future analysis.
Dynamic mortality patterns have been reported for other Diptera species (Pearl et al. 1923 , Krainacker et al. 1987 , Carey et al. 1992 , Curtsinger et al. 1992 , Vaupel et al. 1998 , Carey 2001 . Many of these age-speciÞc mortality patterns were deÞned using very large sample sizes that are only possible in the laboratory. In a noteworthy study, Carey et al. (1992) reported mortality deceleration among older Mediterranean fruit ßies, Ceratitis capitata (Wiedemann), in an extremely large study population (1.2 million ßies). That study was designed to detect small but signiÞcant changes in age-speciÞc mortality. Although mortality rates and the probability of survival are not interchangeable, mortality rates must become constant or decrease at older ages to support a leveling off or increase in survival rates (Carey et al. 1992) .
Several studies provide data consistent with the notion that mosquito survival is age dependent. Reisen et al. (1984) reported that following an initial decrease, the expectation of life for captive Culex tarsalis Coquillett leveled off and then increased at 40 Ð50 d of age. In mark-release-recapture studies of Anopheles gambiae Giles (Constantini et al. 1996) , An. culicifacies Giles (Reisen et al. 1980) , Culex tritaeniorhynchus Giles (Reisen et al. 1978) , and Aedes triseriatus (Say) (Haramis and Foster 1983) , survivorship was not constant over the recapture period and survival began to increase after a certain age. Seawright et al. (1977) hypothesized that there could be a higher probability of survival for Ae. aegypti that live beyond their Þrst oviposition, but subsequently dismissed this explanation because their results could be explained by either emigration of mosquitoes beyond the study area or the availability of alternate and undetectable oviposition sites.
The modiÞed sampling design used in our Thailand experiments was an attempt to address two potential problems associated with recapturing mosquitoes. Our Þrst concern was variation among houses in the mean number of female Ae. aegypti captured. Scott et al. (2000a) reported that wild females for undetermined reasons aggregate in certain houses within a community. To account for spatial heterogeneity, we used data from resting collections conducted in the Thailand release village over a 10-mo period before the current study to stratify houses from which we attempted to recapture mosquitoes. We selected two groups of 10 houses that were represented equally by premises with high, medium, and low wild Ae. aegypti abundance.
Another issue was the potential for excessive removal/recapture of females resting inside houses. If many females are removed early in the recapture period, which may have survived for several additional days if not recaptured, then estimated survival rates will tend to underestimate true values. To address this issue in the Thailand study, we waited 2 d after release before collecting in half of the recapture houses and 4 d before collecting in the other half. After our initial collection in release houses, females were collected in a given group of release houses every 4 d. 
b a Number of females recaptured in the 3-d cohort were signiÞcantly greater than from the 13-d cohort (G ϭ 5.15, df ϭ 1, P ϭ 0.023).
b Overall recapture rate for both cohorts combined ϭ 9.4%. 
b a Number of females recaptured in the 3-d cohort were signiÞcantly greater than from the 13-d cohort (G ϭ 6.62, df ϭ 1, P ϭ 0.01).
b Overall recapture rate for both cohorts combined ϭ 9.3%. a Differences for release 1 were not signiÞcant (G adj ϭ 0.86, df ϭ 1, P ϭ 0.35).
b Differences for release 2 were not signiÞcant (G adj ϭ 1.20, df ϭ 1, P ϭ 0.27). A possible explanation for differences in our results from Puerto Rico and Thailand is that different environments impose different mortality factors upon female Ae. aegypti. The Thailand experiments were conducted in November in the dry cool season. In contrast, the Puerto Rico studies were conducted in July during the hot wet season. Mean temperatures in Puerto Rico were signiÞcantly cooler than in Thailand in a longitudinal study of Ae. aegypti (Scott et al. 2000b) . Differences in temperature and the greater accumulation of degree-days for females in the Thailand versus the Puerto Rico study also indicate that females in the old cohort from Thailand were substantially older than females in the old cohort from Puerto Rico. In addition, mosquito predation rates may have varied between locations. By choosing arbitrary age cohorts and contrasting them with Ae. aegypti from different geographic locations and environments we may be missing small but important nuances in mortality rates. In the future, we hope to use independent assessments of survival rates combined with our improved nonlinear regression analysis for a more deÞnitive analysis of survival among more discreet age groups.
In the Puerto Rico and Thailand studies, the recapture rate for the older female group was lower than for the 3-d cohort (as determined by G-test). Differences in recapture rates could have resulted from decreased daily mortality or undetermined differences in the behavior of different age groups, such as the increased dispersal of older females, mentioned above. Recapture rates for the older groups increased toward the end of the collection period compared with the younger groups; a potentially important observation because it may be indicative of small increases in survival of older, potentially dengue infected, females.
Dispersal of female Ae. aegypti out of the study area could have impacted our results. We carefully selected study areas that were bordered on three sides by limestone hills (Puerto Rice) or rice Þeld (Thailand) to limit dispersal on three sides of the study areas and to allow measurement of dispersal in one direction. Our results indicate that most adult female Ae. aegypti did not disperse far. The greatest movement we detected in Puerto Rico was 79 m. Our results contrasted with those of Reiter et al. (1995) who estimated the ßight range of Ae. aegypti to be 360 Ð3,600 m in Puerto Rico by detecting rubidium from labeled eggs from females that were released outside of houses. Results from our mark-recapture experiments are consistent with the majority of dispersal studies with Ae. aegypti (Morland and Hayes 1958 , Christophers 1960 , Sheppard et al. 1969 , McDonald 1977 , Tripis and Hausermann 1986 ). We did not mark mosquitoes by house in the Thailand experiments and, therefore, were unable to evaluate the distances moved. Twenty-three percent of mosquitoes that were released in Puerto Rico were captured in nonrelease houses. In Thailand, a smaller proportion of females were captured in nonrelease houses (13% in release 1; 17% in release 2) than in Puerto Rico. Houses in Thailand were further apart and their internal structure was less complicated than in Puerto Rico (Scott et al. 2000a) , which may, along with density of oviposition sites and variation in weather, have contributed to different house-tohouse dispersal patterns between the two study areas.
In light of the potential impact of vector survivorship patterns on dengue transmission and the growing body of evidence supporting age-speciÞc patterns in animal mortality (Carey 2001) , it is important to rigorously test the age-dependent mortality hypothesis. The method of nonlinear regression analysis that we used is an improvement upon traditional methods, such as the log-linear model, that have been employed in the past for mosquito mark-release-recapture data. For 50 yr, medical entomologists generally have accepted, without seriously challenging, the assumption that survival of wild mosquitoes is independent of age. Results from our Þeld experiments and our statistical analyses along with the work of some of our predecessors (Reisen et al. 1978 (Reisen et al. , 1980 (Reisen et al. , 1984 Haramis and Foster 1983; Constantini et al. 1996) bring that assumption into question. Just because rigorous examination of mosquito survival under Þeld conditions is difÞcult, does not mean that the issue should be avoided. The enormous epidemiological implications associated with changes in vector survival rate require that this unresolved question receive more research attention and evaluation.
